Abstract -Land fragmentation is considered a major obstacle to the efficient use of land and other agricultural resources in
Introduction
Issues related to land tenure institutions have figured prominently on the development agenda as a result of post-socialist countries' introduction of radical land reforms in the early nineties as well as the introduction of land reforms in various developing countries in Africa, Asia and Latin America. The 1990s land reform of post-socialist Bulgaria took the form of land restitution which required the massive transfer of land rights from state or collective units to private parties, often the former owners of the land or their heirs. In the wake of the reform, concerns over fragmentation of land plots, defined in this study as the situation where a single farm household operates more than one separate parcel of land, emerged as a major policy issue. 1 Viewed as a historical feature, the fragmentation of agricultural land holdings in Bulgaria is widely believed to be one of the major causes of poor farming practices, low levels of agricultural productivity, inefficient uses of land and other agricultural resources, and an obstacle to the development of efficient land markets. 2 In response to the perceived disadvantages of land fragmentation, the Bulgarian Ministry of Agriculture and Food Supply (MAFS) initiated a number of projects to assess farmers' willingness to consolidate their agricultural land and to develop policies for farm land consolidation (MAFS Annual Agricultural Report 2004: 22-27 ).
Appropriate and effective policy solutions to combat land fragmentation, however, require: 1. understanding the underlying causes for land fragmentation; 2. the accurate measuring of land fragmentation; and 3. assessing its impacts on productivity or other economic outcomes. Insofar as Bulgaria is concerned, these three distinct areas of research have received little to no attention despite an increasing recognition of their significance in the literature. In particular, none of the available studies on Bulgarian land fragmentation provides solid evidence documenting the negative effects of land fragmentation on agricultural productivity in the country. It seems that the initiatives for the development of consolidation policies in Bulgaria are based on the widely-accepted assumption that fragmentation inevitably causes agricultural inefficiencies.
The absence of such evidence is the motivation for this study; it is concerned precisely with the latter requirement which is the empirical 1 From now on, the terms "fragmentation" or "land fragmentation" will refer, for short, to "fragmentation of land plots" as defined above. 2 Almost all studies and documents referring to or discussing the problems in Bulgarian agriculture mention fragmentation as one of the major obstacles to the efficient use of land and other agricultural resources. Examples include the Annual Reports of the Ministry of Agriculture (MAFS 2004 (MAFS , 2005 (MAFS , 2007 , the Bulgaria Rural Development Programme (2007) (2008) (2009) (2010) (2011) (2012) (2013) of the European Union's European Agricultural Fund for Rural Development, Kabil (2004) , Kasabov and Koritarova (2004) , Kopeva ( , 2002 , Kopeva and Noev (2001) , Noev et al. (2004) , Rembold (2003) , Risina and Mladenova (2002) , Thomas (2006) , Van Dijk (2003) , Van Dijk and Kopeva (2006) . assessment of the impacts of land fragmentation on land productivity in Bulgaria. The goal here is to use multiple regression analysis to examine and analyze the relationship between fragmentation of land plots and land productivity.
The paper is organized as follows. Section 2 reviews some of the evidence in the general literature on the impacts of fragmentation on productivity and other economic indicators. Section 3 describes the methodology of the study which is based on an econometric model suggested by Blarel et al. (1992) . Section 4 describes the data and variables of the model. Section 5 presents and discusses the results and Section 6 concludes.
Review of the evidence on the impact of fragmentation on economic outcomes
Empirical studies conducted in countries or regions within countries to formally test the impacts of fragmentation on various economic outcomes are relatively limited and provide rather mixed evidence. A summary of the scope of analysis, methodologies used, and findings of some of the studies are provided in Table 1 . With respect to measuring fragmentation, the Simmons Index of Simmons (1964) , the Januszewski Index of Januszewski (1968) and the Simpson Index of Blarel et al. (1992) are among the most commonly used fragmentation indices in the literature.
None of these indices is superior to one another; they are essentially similar to each other and incorporate the same three parameters desirable in assessing the degree of fragmentation: 1. the farm size; 2. the number of plots; and 3. the size of plots. 3 As discussed in Section 4, the choice of index for this study is the Simmons Index.
With respect to methodologies used to estimate the impact of fragmentation on land productivity, multiple regression analysis, stochastic frontier and production function models are the most commonly used econometric models. Each of these methodologies has its own limitations and is preferred depending on data availability and focus of the study. The household survey data set used in this study allows for the use of multiple regression analysis, the particulars of which are discussed in Section 3.
3 See Bentley (1987) for a detailed review of these indices. The Simmons index is defined
A 2 where A i is the area of the i th parcel and A is the total farm area. The index expresses the relationship between the number of parcels comprising a farm and the relative sizes of these parcels; also, the index is independent of total farm size. The Simpson Index of Blarel et al. (1992) is expressed as the inverse of the Simmons Index.
Similarly, the Januszewski Index is expressed as S I = A 2 i A 2 where A i is the area of the i th parcel and A is the total farm area. 2. The degree of fragmentation has no adverse effect on land productivity.
3. The distance between the household residence and its parcels is positively related to the costs generally attributed to fragmentation, such as travel time. However, this relationship is statistically insignificant.
4. Fragmentation increases the diversity of agro-climatic conditions available to the farmer, and this leads to more diversified crop patterns. This can be beneficial for risk reduction, reducing peaks and troughs in labour demand and enhancing household food security.
5. Fragmentation is not as inefficient as widely assumed, and it offers farmers a tool for managing risk, seasonal labour shortages, and food insecurity.
6. Other things being equal, consolidating land in these regions should not be considered as a plausible policy tool to increase land productivity. 2. The positive effects, however, were found to be related to the increase in the use of fertilizers and hours worked on the farm in relation to increase in the number of plots.
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3. There is no significant correlation between labour productivity and land fragmentation. The Januszewski Index 1. There is a positive relationship between farm size, average plot size and yield.
2. There is a negative relationship between number of plots cultivated and the yields for two dominant crop sequences, leading to the implication that fragmentation has adverse effects on crop productivity.
3. There might be some economies of scale related to the number of plots and there are significant economies of scale in relation to both farm size and plot size.
4. Hired labour seems to be more efficient than family labour leading to the suggestion that farmers can achieve the desired level of efficiency by hiring labour for different activities. Furthermore, the study seeks to explain average behaviour with respect to fragmentation as opposed to boundary, frontier or optimal behaviour which would be the focus of stochastic production function models. As can be seen from the table, findings indicate that fragmentation can have both negative and positive impacts on land productivity, crop output, use of labour, technical efficiency, economies of scale, and other economic variables. Therefore, while it would be inaccurate to make generalizations, it is necessary that positive aspects of fragmentation are weighed against negative ones on a country basis. The findings on the impacts of fragmentation differ not only across countries but also when an identical region is of concern (e.g. Northern Vietnam). It is, therefore, necessary to consider each country, region, or province as a unique case before making the decision or following the theoretical assumption that fragmentation is necessarily a problem requiring a public policy solution such as consolidation. The reported mixed evidence also calls for the conduct of further empirical studies; further research seems to be necessary in terms of developing better methodologies and in terms of assessing if, how, where, to what extent, and under which circumstances fragmentation affects productivity.
Furthermore, two of the studies- Blarel et al. (1992) and Jha et al. (2005) provide an interesting observation which will be addressed in this study as well. While the two studies provide contrasting evidence with regards to the overall effects of fragmentation, both observe farmers' preference for holding fragmented land. Jha et al. (2005) does not dwell in this observation but Blarel et al. (1995) suggest that this is so because fragmentation provides a convenient tool to farmers for managing risk, seasonal labour shortages, and food insecurity. Taken together, or individually, achieving such goals may, indeed, outweigh the goal of achieving greater productivity, at least from the farmer's perspective.
Methodology
The model developed by this study to formally test the impact of fragmentation on land productivity in Bulgaria is based on the econometric model formulated by Blarel et al. (1992) . Since the survey data used in this study uses decares as the measurement unit for the size of plots, this unit will be used as a measure of the area or size of plots and farms. For reference, 1 decare is approximately equal to 1,000 sq. m. or 0.25 acres.
The key equation of the four-equation model specifies that the dependent variable yield-the total value of harvested crops per decare-is related to a set of household-level variables including 1. the level of farm fragmentation (F); 2. the parcel-level use of direct inputs (L i ); and 3. the current stock of land improvements on each parcel (I i ). Other independent variables of the model are specified as 1. the set of parcel-specific characteristics X 1i ; 2. the set of household specific characteristics X 2 ; and 3. district specific characteristics X 3 . The subscript i indicates the parcel number and the absence of a subscript indicates a variable measured at the household level which will be common to each parcel owned by the household.
Following Blarel et al. (1992) , the four simultaneous equations of the structural model are as follows:
Equation (1) determines the monetary value of the yield of the i th parcel; equation (2) determines the level of direct inputs used on the i th parcel; equation (3) determines the current stock of land improvements made to the i th parcel; and equation (4) determines farm fragmentation at the household level.
More specifically, in equation (1), the parcel yield is determined by the use of direct inputs (L i ), the current stock of land improvements on the parcel (I i ), the level of farm fragmentation for the household (F), parcel-specific variables (X 1i ), household-specific variables (X 2 ), and district-specific variables (X 3 ). In equation (2), the level of direct inputs used on the i th parcel is determined by the current stock of land improvements, the level of farm fragmentation, as well as the previously-noted parcel, household, and district variables. In equation (3), the current stock of land improvements on each parcel is determined by the level of farm fragmentation, land improvements made in the previous period on the parcel (I t−1 ), as well as the parcel, household, and district variables. Finally, in equation (4), the level of farm fragmentation is determined by the household-specific and district-specific variables (X 2 , X 3 ).
It should be noted that in equations (1) - (3) fragmentation is determined at the parcel level. In equation (4), however, fragmentation is determined at the household level. Such a specification is necessary because it is unknown whether fragmentation is an exogenous phenomenon, driven by supply-side factors such as partible inheritance, land laws and reforms or an endogenous phenomenon, driven by demand-side factors such as risk aversion of farmers, optimizing self-employment, low cost to fragmentation. Furthermore, fragmentation appears in equation (1) as an explanatory variable, and therefore directly affects the yield of the i th parcel. Fragmentation also appears in equations (2) and (3) as an explanatory variable and therefore directly affects the level of direct inputs (L i ) and the stock of land improvements (I i ). Since L i and I i are included as the explanatory variables of equation (1), fragmentation has both direct and indirect effects on the yield of the i th parcel.
Equation (4) does not include the current values of the other endogenous variables, Y i , L i, or I i . Therefore, the model can be specified in the following semi-reduced form:
In equation (5), the fragmentation variable captures both the direct and indirect effects of fragmentation on yields. However, equation (5) may not produce the consistent and unbiased estimates of direct and indirect effects of fragmentation on yield if there are unobserved variables that influence both the level of fragmentation and current yield, such as farmer's skill. In other words, F is an endogenous variable and any correlation between the error term in equation (4) and the error term in equation (5) will lead to biased coefficient estimates. To solve this problem, using two-stage least squares, equation (4) is estimated first to obtain the fitted values for F which will be used to replace the actual values of fragmentation in equation (5). More specifically, it is necessary to estimate the following household-level model to obtain the fitted value for fragmentation:
In this equation F j is the number of parcels in the j th household; X 2j is a vector of household-level explanatory variables; X 3j is the vector of districtlevel variables; b 1 and b 2 are the vectors of the coefficients to be estimated; and e j is an error term. The fittedF j values will be assigned to the parcels associated with the j th household. The explanatory variables included in X 2j are as follows: household size, gender, farm size, education, and distance to parcels. Non-farm income is excluded since it is considered an endogenous variable. Due to the 1991 restitution of land to pre-communist owners or their heirs, it is assumed that the majority of parcels are inherited. With respect to the use of credits for agricultural purposes, the survey data indicates that households do not have access to such. Among the most important barriers to agricultural credit is the fact that agricultural land is not accepted as collateral by banks and the inability of farmers to meet various regulatory criteria for obtaining loans.
The model is identified by the inclusion of farm size in equation (4), a variable which is strongly related to fragmentation but, as will be explained in the next paragraphs, not directly related to productivity. Farm size is a powerful instrumental variable since it directly affects fragmentation-as discussed in Boliari (2013) , Simmons (1964) and Januszewski (1968) suggest evidence that fragmentation increases with farm size. Furthermore, the historical data for Bulgaria supports this argument-for the period between the last quarter of the 19 th century and the mid-1930s the level of fragmentation was positively related to farm size-the higher the farm size, the higher was the level of fragmentation (Boliari, 2013) . In addition, as indicated by the data used in this study, farm size is strongly related to the number of parcels.
The econometric procedures explained above will produce fitted values of fragmentation that are not correlated with the error term of equation (5). However, it needs to be underlined that the explanatory power of the variables included in the other equation of the model will be determined by the degree of correlation between the fitted values and observed values of fragmentation. Equation (1) will be estimated in double log form for parcel i of household j located in district k as follows:
In this equation μ j is a household random effect satisfying E(μ j ) = 0, E(μ 2 j ) = σ 2 μ , and is independent across households. As explained by Blarel et al. (1992, p. 245) , μ j represents unobserved household-level effects. The household random effect μ j may be correlated with explanatory variables other than the fitted values of fragmentation. On the other hand, since this study focuses mainly on the coefficient of fragmentation, and since fitted values that are used for F j are not correlated with μ j , the coefficient of fragmentation will not be biased. Interpreting coefficients other than the coefficient of F, however, will require caution. Equation (7) includes the fitted values for fragmentation and all other variables with the exception of farm size. Since farm size is the instrument of the first stage equation it cannot be a determinant of the second stage equation's dependent variable, parcel yield.
An objection to excluding farm size from the productivity equation would be the argument that due to economies of scale, farm size will necessarily affect productivity. However, as will be seen, in the data the majority of farms are smaller than 50 decares and, in fact, more than 50 percent are smaller than 20 decares. For such small farms, there are no opportunities to explore economies of scale. Furthermore, the figures for Bulgaria in general indicate that 77 percent of farms use no more than 10 decares of agricultural area. Sources indicate that large business farms and agricultural cooperatives (those who cultivate more than 100 decares or 10 hectares) may enjoy economies of scale (FAO, 2003; MAFS, 2004) . But the number of farms larger than 100 decares in the sample used in this study is just 11 (0.85 percent of the total). And for Bulgaria in general, the proportion of farms larger than 100 decares is less than 2 percent. Finally, consolidation initiatives concern primarily the small fragmented farms precisely because they are unable to explore economies of scale. Farm size can therefore be omitted from Equation (1).
Data

General description
The source of data for this study is the Bulgaria 2003 Multi-topic Household Survey (MHS), funded by the World Bank and conducted by the National Statistical Institute (NSI) of Bulgaria in November 2003. The MHS is a nationally representative, multi-purpose household survey which includes information on a series of subjects such as household composition, income, education, consumption, employment, loans and credits, use of agricultural land, and farm production. It is, therefore, well-suited to a statistical study of land fragmentation. The survey sample is comprised of 3,023 households (8,250 individuals) from the 28 official districts in the country. For the purposes of this study, data were extracted from the survey modules on agriculture, household characteristics, income, credits, and education, respectively. Nonetheless, the nature of the data and the size of the sample require several compromises described below.
Because the interest of the study is in farm fragmentation, only those households who hold farmland were initially included in the working data set. 1,759 households (58.2% of the total sample of 3,023) reported to hold (own or rent) farmland. However, only 23 of the 1,759 households reported that they rent the land they hold. Since 23 is a relatively small subset, it was excluded from the working data set thereby reducing it to 1736. Furthermore, from the 1,736 selected households, 440 (more than 25 percent of this sample) did not cultivate their lands. 4 Since the goal is to test the impact of fragmentation on land productivity, the 440 households whose land was reported to be uncultivated must be excluded. With this exclusion, the sample size declined to 1,296 farms. Finally, this sample contained three farms, the sizes of which (600, 800, and 1,200 decares) were considerably larger than the average farm size of 14.92 decares. 5 These large farms were excluded as outliers so that the final sample used in the econometric model includes 1,293 farms.
The agriculture module includes characteristics such as ownership of farm land, size and location of plots, types of crops grown, amounts harvested, prices of sold produce, purposes for which the produce were used, ownership of machinery for agricultural purposes, expenditures for hiring labour, seeding, fertilizers, transportation, and other agricultural activities. Household characteristics include age, sex, ethnicity, residence, and employment of household members. Data is available on pre-tax regular and non-regular income where "regular income" refers to the sum of earnings from main and second job, unemployment benefits, retirement pensions, heir's pensions, disability and other pensions, family allowances and scholarships. "Non-regular income" includes earnings from the rental or sales of assets, inheritances, lottery winnings, and social transfers. The module on loans and credits includes data for the households' repayment of debts, loans, or credits, and the education module provides detailed information on the level and type of education of all household members.
Determining the level of fragmentation
The level of farm fragmentation is measured by using the Simmons Index 6 , on one hand, and the number of plots/parcels per farm, on the other. Boliari (2013) explains in details the procedures used in measuring land fragmentation for the sample of 1,736 households, that is, all households who own land. The study measures, compares, and discusses the level of land fragmentation in Bulgaria before and after the communist regime. It reports relatively low levels of fragmentation at present and draws attention to the considerable post-communist decline in land fragmentation. For the purposes of comparison, this study includes the fragmentation statistics for the sample of 1,736 (already reported in Boliari (2013) ) and the sample of 1293, which is the sample used in the model described in Section 3. Table 2 summarizes the characteristics of the two samples: 1,736 households who own land and 1,293 households who own and cultivate their land. It is interesting to note that the percentage of household heads with post-secondary and secondary education is smaller when those not cultivating their land are excluded by 3.34 and 2.24, respectively. The figures imply that people with higher education are more likely to leave their land uncultivated which is in line with the explanations of representatives from the IAE and the NSI (see footnote 4). 6 The Simmons index is defined as SI = i A i 2 /A 2 where A i is the area of the i th plot; A = i A i is the total farm size; and i = 1, 2,. . . , m where m is the number of plots a farm is composed of. The values of the SI can range from zero to one. A value of one indicates that the household owns a single plot of land (complete land consolidation). A value close to zero indicates extreme levels of fragmentation since SI approaches zero as the number of plots cultivated by each farm grows. Because the Simmons Index is sensitive to the number of plots and to dispersion in the size of the plots, the average number of plots is used as an alternative measure of fragmentation (Boliari, 2013) . Table 3 summarizes the farm characteristics of the two samples. A comparison of the two groups shows that more than 73 percent of the households who do not cultivate their land own farms composed of just one plot of land. Therefore, it is not surprising that both the mean and median values of the Simmons Index are lower compared to the sample of 1,736. In other words, the farms of the sample of households which own and cultivate their land is more fragmented compared to the farms of the sample which included those who own but do not cultivate their land. On the other hand, the percentage of farms located in the vicinity of the village or town of residence increased to about 81 percent which implies that for a considerable majority of households distance and therefore travel time to parcels should not be of much concern. Table 4 presents the distribution of farms in both samples. The table shows that majority of farms in the sample of 1,293 are no larger than 5 decares and only two of the farms are larger than 150 decares. Referring to the figures for the sample of 1,736, the largest decrease is in the number of farms smaller than 5 decares indicating that most of the 440 households who choose to leave their land idle are very small farms.
The level of fragmentation for both samples is shown in Table 5 . The overall fragmentation level is higher for the sample of 1,293 with the percentage of completely consolidated farms now being 31.32. Nonetheless, for about 55 percent of farms, the Simmons Index is higher than 0.8 indicating a relatively low level of fragmentation overall.
Variables included in the model
A number of additional variables were derived from the MHS data in order to estimate the econometric model presented in Section 3 of this paper. Table 6 lists them and describes their characteristics. The dependent variable of the model, land productivity Y i , is measured as the total value of The average of all 28 districts.
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all harvested crops divided by the total planted area of these crops. In order to obtain this variable, a calculation involving reported prices and outputs for 19 crops was performed. The MHS includes codes for 24 crop types, produced in Bulgaria, of which 5 were excluded as insignificant for the estimation of the model. 8 The 19 crop types are wheat, maize, other cereals, potato, beans, tomato, cucumber, cabbage, pepper, onions, other vegetables, apples and pears, grapes, watermelon, sunflower, tobacco, forage, nursery plants, and other crops. The survey has data on 1. the harvested amounts in kilograms for households if they harvested any of the above listed crops; 2. the amount of land measured in decares and used for the crop in question; 3. the amount sold in kilograms; 4. the payment received for the whole amount of harvest sold, not per kilogram; and 5. the purposes for which harvested produce were used. One issue of concern may be the variable "area devoted to crop" which is included in equation (7) of the econometric model. Area devoted to crop refers to the area of the farm which is under cultivation. Theoretically, it seems highly related to farm size. In fact, one would expect that it is equal or close to farm size raising the impression that farm size is being inappropriately included in the productivity equation under the name "area devoted to crop." However, close examination of the sample reveals that only 289 of the households (22.35 percent) actually cultivate the whole area of their farms and that the majority of these farms are smaller than 0.5 decares. The larger the farm, the smaller is the area cultivated and while the average farms size is 12.41 decares, average cultivated area is just 2.57 decares 9 .
It may also be necessary to address the potential problems of inclusion of multiple crops. One possibility is to run separate regression for each crop pattern and the other is to aggregate several crop patterns into one. The second approach will be used in this study with land productivity measured as the total value of all crops divided by the total planted area of these crops. This approach can be supported by the fact that it is generally not possible to determine the corresponding multiple crop areas in a single 8 The excluded crops are rye, soybeans, plums, and other fruits. Very few farmers grew these types of crops. 9 Furthermore, area devoted to crop is of interest to this study due to its specific dynamics given the prevalence of subsistence farming in Bulgaria. The MHS data shows and the literature indicates that majority of landholders do not sell their produce in the market. Rather, they use it for consumption, for payments in kind, to feed animals, exchange with neighbours and relatives, and as canned food for winter consumption. Therefore, area devoted to crop is a variable determined by the family by taking into account its annual needs for consumption. If the family has a small farm size, then area devoted to crop will obviously be large in relation to farm size, perhaps very close to farm size. The impact of the area devoted to crop on productivity, however, would not be due to economies of scale but due to the family's survival or consumption motives. And as will be seen in the results section, the relationship between area devoted to crop and productivity is negative and significant. parcel-separate regressions for each cropping pattern will produce small sample sizes. Aggregated regressions, as opposed to separate regressions will also capture the effects created by farmers switching to more profitable crops.
Estimation and discussion of results
The model was estimated using the "ivreg" command of Stata with robust standard errors. As explained in Section 3, the first step is to estimate equation (6) of the model.
Recall that in this equation F j is the number of parcels in the j th household; X 2j is a vector of household-level explanatory variables; and X 3j is the vector of district-level variables. The explanatory variables represented by X 2j include household size, gender and formal education of the household head, inherited farm size, and distance from homestead to parcels. The explanatory variable X 3j represents the district-specific characteristics of the parcels associated with the j th household. The values of R-squared (0.6745) and adjusted R-squared (0.6644) obtained from the first-stage regression indicate that, overall, the estimated model fits the data well. Moreover, the F-statistic of 66.57 shows that the overall fit of the estimated equation is statistically significant.
With respect to variables, the first-stage results indicate that, as expected, the instrumental variable farm size is positively related to-and has a statistically significant effect on-the level of fragmentation. If the majority of farms are inherited, as was assumed in Section 3 due to the restitution process, current farm size can be assumed to be inherited farm size. In such a case, the results will support the supply-side explanations for fragmentation. On the other hand, area devoted to crops, distance to parcels, and use of fertilizers are also positive and statistically significant. These outcomes give credence to the demand-side explanations for fragmentation. Finally, 11 of the 28 district variables are statistically significant with 7 having positive signs. This indicates that, depending on the nature of district characteristics, either supply-side or demand-side factors may influence the level of fragmentation.
Proceeding to the second-stage regression, the goal is to estimate the effect of fragmentation on land productivity using Equation (7) of Section 3: Since the "accepted wisdom" is that fragmentation has a negative impact on productivity, the null hypothesis is set to state that fragmentation has a coefficient less than or equal to zero:
This means that the null hypothesis can only be rejected if the coefficient on fragmentation is a positive and significant one. Table 7 shows the second-stage regression results when fragmentation is measured by the number of parcels per farm. The coefficient on fragmentation is positive and significant. Therefore, the null hypothesis that fragmentation negatively affects yields is rejected.
Two different interpretations can be provided to explain this result. First, as seen in Section 4.2 the data demonstrates that the average level of fragmentation in Bulgaria is relatively low and as such it may present no threat to farm productivity. Second, and on a more detailed level, the lack of negative relationship between fragmentation and productivity as demonstrated by the regression results provides support for the demand-side explanations of fragmentation discussed in the literature (Bentley, 1987; Blarel et al., 1992; Fenoaltea, 1976; Heston and Kumar, 1983; King and Burton, 1982; McCloskey, 1975a and 1975b) . Demand-side explanations are based on the simple idea that the positive effects of land fragmentation might well outweigh its negative effects and therefore yield net benefits for farmers-as McCloskey (1975a McCloskey ( , 1975b and Fenoaltea (1976) famously argued, by having scattered plots, individuals systematically diversify their land portfolio in order to stabilize (decrease the variance in) their farm output.
The most plausible demand-side explanations for fragmentation include: 1. the risk aversion of farmers; 2. the goal of farmers to optimize self-employment; and 3. low or no cost to fragmentation.
For example, McCloskey (1975a, p. 114) suggested that fragmentation may be desired as a mechanism to deal with variations in underdrainage, slope, soil structure and chemistry, crops, exposure to frost, sun, rain and wind. The argument is that risk-averse farmers may be willing to split their farms into several pieces in order to have land in different zones with different soil, elevations, altitude or other characteristics of the local environment. Such a diversification of land would aim at spreading the risk from natural hazards (such as frost, hail, flood, or fire) in order to reduce the variability in total output (Blarel et al., 1992; Heston and Kumar, 1983) as well as the variability in total income (McCloskey 1975a, p. 115) due to possible yearly fluctuations in the prices of different crops. In other words, farmers, by keeping their plots scattered, may be trying to trade off possible higher returns from consolidated lands for lower variance in output and income over the years. And so they may prefer an agricultural system geared primarily towards stability rather than productivity (King and Burton, 1982) .
The presence of great variety of soils and topographic characteristics on Bulgaria's territory raises the high likelihood of such a demand-side explanation for fragmentation. For example, Georgiev and Penov (2006) point to the specifics of Bulgaria's topography, soil characteristics, and the configuration and structure of crops in different regions as the primary factor for the persistence of fragmentation. Similarly, indicating the great variety of fertile soil types in Bulgaria present even within small localities, such a single village, Di Falco et al. (2008) observe that "farmers take advantage of differences in land quality by selecting crop species and varieties best suited to the plots they have available". Indeed, the study reports empirical evidence suggesting that the profitability of farms growing a variety of products is significantly higher in comparison to the profitability of those that do not.
Optimizing self-employment as a demand-side factor of fragmentation is first emphasized by Fenoaltea (1976) who argues that farmers may choose to own scattered plots as a mechanism to maximize productivity by optimizing self-employment. Holding large plots would require hiring of outside labour and farming the field at a given time period. To avoid the high transaction costs involved in the employment of outside labour, such as identifying and supervising workers, farmers may prefer fragmentation since scattered plots could be worked at different time periods thereby allowing the completion of work with minimum or no outside labour. Based on empirical evidence, Tan et al. (2005) , for example, argue that Chinese farmers prefer to hold scattered plots in order to spread household labour (in addition to spreading risks).
While there is no precise documentation of such reasoning by farmers in Bulgaria, it remains a possibility to consider. Dolinsky (1932) , for example, briefly notes that the Bulgarian landowner works the farms himself, uses the labour of his family for all purposes and "in the majority of cases avoids hiring outside labour". Stoianovich (1976) supports this argument by suggesting that the domestic family was organized to perform a great variety of ritualized interrelated functions such as stock-raising and farming through its precise definition of rights, duties and taboos. In the data used for this study and in the sample of Di Falco et al. (2008) it appears that it is household members who are engaged in all farm activities.
Finally, following Heston and Kumar (1983) we can consider the possibility of existing low costs to fragmentation given the requirements for transplantation and cultivation. The most important cost associated with fragmentation is the cost of travel time between plots and between the homestead and each plot. If all plots of a farm are located at different places in the immediate vicinity of the village (as this is the case in Bulgaria), however, the distance and therefore the travel costs would not be large. Moreover, if plots are farmed and cultivated at different time periods following rotational husbandry (as is, again, in the case of Bulgaria) then the waste of travel time between plots would not be a matter of consideration. In such cases, a farmer would not be concerned with costs created by fragmentation since they would be minimal or no higher than if he had to work on a consolidated or single plot of land. And furthermore, from an economic point of view, it is not time per se that matters, but the value of that time measured as the opportunity cost of production foregone (King and Burton, 1982) . Therefore, when costs to fragmentation are low or effectively non-existent but there are some benefits, fragmentation will likely occur and be preferred by farmers.
With respect to the other variables of the model, household size is significantly and positively related to yield. This result was expected since the more people the household has, the higher is the likelihood that more labour time would be invested in farming without the need to hire outside labour. The survey data shows that, in general, households do not hire labour and seem to prefer to work the land on their own.
Similarly, the use of fertilizers and transportation are positively and significantly related to yield. This is again not surprising given that fertilizers enhance the natural fertility of the soil and therefore are expected to increase crop production levels. Higher levels of transportation help in travelling to plots, carrying equipment for tillage, planting, harvesting, storage, and sale of produce, transporting fertilizers, pesticides, insecticides and well as providing convenience, mobility and flexibility. In other words, it affects productivity by allowing for more efficient use of valuable resources. "Distance to homestead" is also positively and significantly related to yield. Since distance was specified as a dummy variable (indicator 1 for parcels in residence and indicator 0 for parcels out of residence) the results imply that productivity is higher for those parcels located in the immediate vicinity of the place of residence. Naturally, a household can more efficiently manage and operate land which is close to their home.
Finally, the area devoted to crop is significantly but negatively related to yield which means that the larger the area cultivated, the lower is productivity. This can be explained as follows. First, it is known that the soil on a given plot of land is not equally fertile or favourable for growing crops. Therefore, cultivating a greater area of that plot will reduce the output per unit decare. Second, the larger is the area cultivated, the larger is the likelihood of loss of output due to infestation or other natural hazards. Such cases, which are common in agriculture, will reduce the output per unit decare.
The rest of the variables-gender of the household head, education, use of machinery, and non-farm income-have no significant effect on yield. Eleven district variables (not shown in the table) are significantly and negatively related to productivity.
For reference purposes, similar first-stage regression results for the effects of farm size, area devoted to crops, distance to parcels, use of fertilizers, and 11 district variables are obtained when using the Simmons Index as the measure of fragmentation. The problem with this model is its explanatory power. Although the F-statistic of 14.06 shows that the overall fit of the estimated equation is statistically significant, the estimated model does not fit the data as well as the first model does. The R-squared of 0.27 indicates a relatively low correlation between the fitted and actual values of fragmentation. Moreover, farm size does not appear to be a very strong instrument when the Simmons Index is used as a measure of fragmentation. The second-stage regression results for this model would, therefore, be unreliable.
Conclusion
The following conclusions can be derived from this study. First, the nationally representative MHS data demonstrates that fragmentation in Bulgaria is present, but its average level is relatively low-two separate parcels per farm of which one is usually a backyard. As such, it may not really be considered an issue of priority or of much concern for policy makers, especially given the fact that the majority of both farm and parcel sizes are so small that their size is just enough to provide for much needed household consumption. Moreover, as indicated in Section 4.2, the largest farms of the sample are already consolidated and are operated as single plot of land.
Second, as the data showed, significant numbers of households in the country do not cultivate their lands and those who do, do not actually use all land available for cultivation. This brings the necessity to investigate thoroughly the reasons for which land is left totally or partially idle. As indicated in footnote 4, lack of access to credit and capital, the inability of farmers to use land as collateral, and the relatively low profitability of farm enterprises appear to be major reasons for why owners leave their land idle. Amount of land farmed can be increased through much necessary policies targeting improvement in the markets for credit and capital which in turn can increase agricultural and land productivity. Introducing collateralization arrangements in these markets is of particular importance-without such arrangements farmers are not able to obtain credit in order to improve their farming techniques. Moreover, introducing a tax on abandoned farm land (currently there is no such tax) is necessary in order to provide incentives for absentee owners to sell, lease, or rent their land.
Third, the multiple regression analysis showed that the level of fragmentation in 2003, measured as the number of parcels per farm, was not likely to adversely affect productivity. This is the main econometric finding of the study which brings into question the plausibility of the extremely expensive and, as the literature indicates, in practice largely ineffective consolidation policies (Bentley, 1987; King & Burton, 1982; Sengupta, 2006) . The results of the study indicate that other things being equal, consolidation policies are unlikely to improve land productivity in Bulgaria. It is possible that some districts in the country may be more fragmented than others and so in such districts negative effects of fragmentation on productivity may be a matter of concern. This can be further investigated by measuring the impacts of fragmentation on a district by district basis. Consolidation policies, if desired by farmers, may be considered as a solution if empirical evidence is presented that fragmentation adversely affects productivity in those districts. On the other hand, policymakers should also consider alternatives to consolidation. For example, in order to enlarge the area of cultivation, incentives could be provided to both absentee and existing owners to formally or informally lease their land which could be accomplished in several different forms (Bullard, 2007) .
Fourth, the cost of travel time, most often attributed to fragmentation, seems to be a matter of concern given that distance to parcels seems to significantly affect productivity. However, in the case of Bulgaria a considerable majority of parcels are closely located to the household's homestead and most are listed in the survey as backyards (plots adjacent to the homestead). In addition, distance from home to parcels seems to negatively affect the level of fragmentation implying that the shorter the distance, the more likely is that fragmentation will occur. In other words, attempts to consolidate parcels which are fragmented but still close to the farm household will be not only unnecessary but also unsuccessful.
Finally, the study is most likely the first to attempt to estimate the impact of fragmentation on land productivity in the country by using multiple regression analysis. The study can be improved in several ways. First, a closer and more detailed picture of the level of fragmentation may be obtained by its measurement on a district by district basis. Such measurement would help in identifying the districts with higher or lower fragmentation. This in turn would allow for further studying the district specific supply-side or demand-side causes of fragmentation and for the subsequent design of policies targeting those causes. It will also allow for using the model to estimate the impact of fragmentation on land productivity in a specific district and therefore the consideration of consolidation or alternative policies in districts where this impact appears to be negative. 
